The change in distance acuity as a function of cosmetic spectacle lens tint by Depew, Kenneth C & Jensen, David W
Pacific University 
CommonKnowledge 
College of Optometry Theses, Dissertations and Capstone Projects 
2-1980 
The change in distance acuity as a function of cosmetic 
spectacle lens tint 
Kenneth C. Depew 
Pacific University 
David W. Jensen 
Pacific University 
Recommended Citation 
Depew, Kenneth C. and Jensen, David W., "The change in distance acuity as a function of cosmetic 
spectacle lens tint" (1980). College of Optometry. 519. 
https://commons.pacificu.edu/opt/519 
This Thesis is brought to you for free and open access by the Theses, Dissertations and Capstone Projects at 
CommonKnowledge. It has been accepted for inclusion in College of Optometry by an authorized administrator of 
CommonKnowledge. For more information, please contact CommonKnowledge@pacificu.edu. 
The change in distance acuity as a function of cosmetic spectacle lens tint 
Abstract 
Current trends towards fashion tints and tinted lens prescription writing for today's eye wear has 
prompted a need for an evaluation of the effect that the tint will have on acuity. In this study, subjects 
were provided best visual acuity spectacle correction for their refractive error and tested f under two 
lighting conditions (10 fL and 0.1 fL) and eight contrast levels (95.2% and 11.0%). Acuity measurements 
were taken using Snellen acuity letters having approximately the same error scores. Three color tints of 
CR-39 (blue, brown, and grey) at two color densities (#1 and #2) were studied. A clear lens was. used as a 
control. Subjects records were analyzed in five age group categories. 
At the l0 fL luminance level, neither of the blue tints showed a marked effect on acuity at the higher 
contrast levels, but did show an increasing effect as the contrast level was reduced. The brown tints 
induced a similar but more pronounced effect than the blue tints at the l0 fL luminance level while the 
findings through the grey tints were inconsistent. 
Decreasing the luminance level to 0.1 fL had the most dramatic effect on visual acuity. The effects of the 
colors on visual acuity were studied and found not significant under these achromatic test conditions. 
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Abstract · 
Current trends towards fashion tints and tinted lens 
prescription writing for today's eyewear has prompted a 
need for an evaluation of the effect that the tint will 
have on acuity. 
In this study, subjects were provided best visual acuity 
spectacle correction for their refractive error and tested 
f 
under two lighting conditions (lOfL and O.fL) and eight 
,/\. 
contrast levels (95.2% and 11.0%). Acuity measurements 
were taken using Snellen acuity letters having approximately 
the same error scores. Three color tints of CR-39 (blue, 
brown, and grey) at two color densities (#1 and #2) were 
studied. A clear lens was. used as a control. Subjects 
records were analyzed in five age group categories. 
At the lOfL luminance level, neither of the blue tints 
showed a marked effect·on acuity at the higher contrast 
levels, but did show an increasing effect as the contrast 
level was reduced. The brown tints induced a similar but 
more pronounced effect than the blue tints at the lOfL lumi-
nance level while the findings through the grey tints were 
inconsistent. 
Decreasing the.luminance level to O.lfL had the most 
dramatic effect on visual acuity. The following table form 
shows the average acuity loss in minutes of arc for both 
lighting conditions. 













Acui tyl.;oss __ at 0 .lfL Luminance Level (minutes of arc) 
1.. blue -0.52 1. brown -0.42 1. grey -0.27 
d. blue -0.47 d. brown -1.22 d. grey -1.36 
The effects of the colors on visual acuity were studied 
and found not significant under these achromatic test con-
ditions. The loss of visual acuity has been found to be 
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Introduction 
The relatively recent advent of the CR-39 monomer and 
the ease with which it can be tinted has added a new 
dimension to vision care. While professional considerations 
have been, and will continue to be, a major factor in the 
prescribing of tinted lenses, the wide choice of dyes and 
the ability to match colors to specific patient requests 
has generated a demand for tinted lenses to follow the die-
tates of cosmetics and fashion. Often the selection of tint~ 
color, and shade is made with only a cursory examination of 
the psychophysical effects of the tint on the patient's 
r 
perception. ~lifhether ssionalism g2' fashion sense plays 
the dominant role in tint selection may depend on the biases 
of the patient and/or the practitioner. For example, Garner 
(1) states that, "the main reason for including a tint in a 
lens prescription is to reduce the level of radiation reach-
ing the eye." Others, like Bergland (2) and Dowaliby (J), 
expound upon the fashion aspects of tinted lenses. 
Irrespective of the underlying reasonB for ophthalmic 
tints, it would seem advisable to take a more critical look 
at the effects upon vision that the lenses produce. McGinty 
(4) delineates four major considerations in the choice of an 
ophthalmic tint; light transmission, color, aesthetics and 
psychological effects on the needs of the patient. It is 
to the former two factors, light transmission and color, 
that this study primarily addresses itself. While it is 
obvious that tinting lenses will decrease the amount of 
-2-
light transmitted through the lens, and hence, decreases the 
amount of light reaching the retina, the interaction of 
color and transmission may have ramifications that are less 
obvious to the casual observer. We will be investigating 
some of these rarnificatjons. 
There have been many studies that examine the effects 
of tinted lenses on the ability of a person to see or per-
form a special task. Luria (5) has studied effects of 
yellow lenses on vision and has found that, under some cir-
cumstances, the accompanying impression of an increased 
ability to see is objective and not merely "psychological" 
as is commonly believed. Accordingly9 Luria reports that 
use of yellow lenses in a decreased threshold for 
long wavelength targets on short wavelength backgrounds, 
and that this effect is due to an enhancement of contrast. 
Richards (6), on the other hand, has reviewed the evi-
dence presented on the usefulness of yellow filters for 
improvement of vision and has always concluded that yellow 
lenses reduce vision. Moreland (?) has reported that tinted 
lenses should have a definite and predictable effect on 
subjects tested on a Nagel anomaloscope. His studies indicate 
that with at least some tints, normal trichromats might 
appear color abnormal. In a similar study of the effect of 
tinted lenses on color detection, Garner (8) reports 
Clark (1968) to have shown that certain tints impair the 
recognition of red traffic signals, resulting in an in-
creased reaction time for both color normals and color 
defectives. Kors and Peters (9) have studied transmission 
-J-
properties of several tinted· lenses in the light and medium 
shades most commonly prescribed for normal day-to-day wear. 
However, they don't specify the exact nature of the dele-
terious effect of reduced retinal illumination. In their 
book System~ for Ophthalmic Dispensing Brooks and Berish (10) 
discuss the "hazards of too much tint," while, being more 
specific, Miles (11) shows that at night a #2 pink tint 
decreases acuity from 20/20 to 20/40, and with a tinted 
windshield acuity decreases further to 20/60. 
Though all of these studies look at some aspect of 
visual performance, they don't directly address the effects 
that tinted, plastic lenses have on a person's minimum 
legible acuity. The a to quickly and accurately dis-
criminate letters is involved in many everyday situations, 
and may be one of the most critical factors in driving.an 
automobile. As reported by Clark (12), Neumueller used 
an Ives acuity meter to measure the effect of tinted 
lenses on visual acuity and concludes: '' ... light and 
medium shades of absorptive lenses do practically not af-
fect (sic) the visual acuity. Even a rather heavily 
tinted lens does not materially lower the visual acuity 
under average illumination." This would seem to indicate 
that there is little danger in prescribing a tinted lens 
to a patient. However, many situations involve.discrimi-
nating fine detail under conditions of lowered contrast 
and reduced illumination. This is especially true indoors 
in dim lighting and during night driving. Richards (13) 
and others have,shown that sensitivity to contrast differences 
-'+-
and acuity both decrease with decreasing illu.."11ination and 
increasing age. After a review of some of the literature 
on contrast sensitivity loss with age, Cole (14) concludes 
that normal roadway illumination is inadequate to meet the 
visual needs of the elderly ~river. A tinted lens that 
transmits only a portion of the available light would be 
expected to increase the nighttime haz.ards for the elderly 
driver, especially those involved in reading street, signs 
and warning signs. 
By using commonly prescribed tints and shades, and 
controlling the level. of target contrast and luminance, we 
will be trying to find if a tinted lens does materially 
affect a driver 1 s acuity ltm1inances found during night 
driving. We shall also try to determine whether tint color 
or transmittance has more effect on acuity. Along with 
these basic questions, we will try to formulate guidelines 
about an age related cut-off point for the tint density 
that decreases acuity to the point where driving at night 





The subjects included in this project were all of 
driving age and had a minimum correctable acuity of 20/40 
or better. This level of acuity was chosen as a cut-off 
point due to its relation to minimum driver licensing 
standards. Many of the older subjects in this study were 
drawn from the members of the Forest Grove Senior Citizens 
Center. Since these people are all mobile and living inde-
pendently they were judged to be of average to above average 
physical condition for their age. Because of our interest in 
the effects of tints in ophthalmic lenses, all subjects were 
required to have color vision within normal limits for their 
age. 
_Instrumentation 
A B&L Greens phoroptor was used in oinjunction with an 
AO projector and chart to arrive at the best correctable 
acuity. Since the number of quanta acually stimulating 
the retinal receptors depends on both the transmittance at 
various wavelengths of any opthalmic lens being used and the 
spectral sensitivity of the eye at corresponding wavelengths, 
it becomes necessary to consider the uniformity and nor-
mality of the individual's spectral sensitivity curves (15). 
Because dichromats and anomalous trichromats experience a 
shift in their photopic spectral sensitivity curves, the 
-6-
integrity of the color vision system was tested (16). If 
those individuals with faulty color vision were not iden-
tified and excluded, the assumption that the individual spec-
tral sensitivity curves approach normal would not be possible, 
and the C.I.E. Standard Observer data ~ould not be used. 
Due to its availability at the Pacific University College 
of Optometry clinic and its ability to differentiate an 
anomalous trichromatic individual, the Nagel anomaloscope 
was used to test the color vision of prospective subjects (17). 
The letters used to judge the acuity were presented using 
an apparatus designed, built and used by Oscar w. Richards. 
This consists of a forty inch diameter rotating disc (see Fig. l) 
on which the letters are presented larger to smaller from 
left to right and spaced equal to their widths. These 
letters are of the Snellen type with serifs. A study by 
Richards showed that the letters used have very similar 
legibilities; error scores in percentages are C(lJ%), E(l3%), 
D(l5%), F(lS%) and P(20%). This allows prorating vision 
scores with little error due to unequal legibilities. Each 
row of letters is of one contrast level. The contrast vari-
ation was obtained using Craftint Color-Vu grey papers for 
the letters on a white background. The 11% contrast target 
is an exception in the light gr~letters appearing on a 
t( 
darker background. The letters were presented one row at 
a time through a 15° wedge shaped opening. The presentation 
order of the letters was random, as determined from a random 
numbers table. A shutter under the examiner's control 
-7-
covered the wedge of letters when not in use or during 
adaptation periods. The illumination during the average 
photopic conditions was provided by a 100-watt inside-
frosted lamp in an aluminized reflector and positioned 
about 7 feet from the floor at a distance to give about 
lOfL luminance at the target surface. This level of il-
lumination is about that found in a moderately lit living 
room. For the lower photopic luminance, a Spencer pro-
jector with a 50-watt lamp and color correction filter 
giving a 3025°K light was placed so as to give O.lfL 
chart luminance. This is about the level of ambient 
illumination found in a drive-in theater. For a more 
complete description of the apparatus see Richards (1977) 
pages 178-179· 
The tinted lenses used in the study were furnished 
by Opti-Craft to meet the following requirements: 
1) Material: CR-39 monomer 
2) The lenses be plano ground on a +6.00 base 
curve and having an overall diameter of 38mm 
and a center thickness of 2.2mm. 
J) Two lenses were needed in each of the following 
hues and degree of absorption: 
1. Grey #'s 1 and 2 
2. Brown #'s 1 and 2 
3· Blue #'s 1 and 2 
4. No tint 
No specific transittance characteristics were requested; 
only that the shades be ''#' s 1 and 2." It was felt that 
this would be a truer representation of lenses that the 
-8-




Initially all subjects were asked to sign an experi-
mental release form. Following this, they were refracted 
to their best binocular spectacle correction, as specified 
by the lens allowing the first complete 20/20 or the·level 
of correction possible if acuity was less than 20/20. To 
be considered for the study all subjects had to have a 
correctable minimum acuity of 20/40. 
Those subjects whose acuity was satisfactory than had 
their color vision tested to determine if they were color 
normal. As stated earlier, this was necessary if we were to 
use the C.I.E. Standard Photopic Observer (V~). A Nagel 
anomaloscope was used, and the standards used to judge 
color-normalcy were those accompanying the instrument. 
Only those individuals scoring within the normal range fCJr 
their age group were used in this study,, 
After the initial screening procedure was completed, 
the subjects who were acceptable were taken to the testing 
room and seated with their eyes 20 feet (6M) from the 
chart. The subjects were given the best spectacle cor-
rection in a trial frame. (One subject who wore bilat-
eral aphakic lenses was allowed to use his own glasses.) 
Also, in the trial frame was a pair of clear, plano plastic 
lenses to serve as controls. The lOfL illumination was 
lighted and the overhead florescents turned off. Five min-
utes were allowed for adaption. Instructions to "call" the 
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letters when they are displayed were given to the subject. 
When in doubt of a letter, subjects were instructed to guess. 
The letters at each contrast level were then displayed and 
the smallest correct acuity size read by the patient was re-
corded. These findings then became the baseline against which 
the performance through the various tints were judged. The 
plano, plastic lenses were then removed from the trial frame 
and replaced with a pair of tinted plastic lenses. The 
testing procedure was run again. This sequen~e was repeated 
until data had been collected on each of the colors and 
densities under the 10fL conditions. The plano~ clear 
plastic lenses were then returned to the trial frame and the 
chart luminance reduced to O.lfL, During an 8 minute dark 
adaptation period, the subject was allowed to rest. The 
entire sequence was then run again such that the best acuity 
at each contrast level was determined for each for the 
clear and tinted lenses. 
As shown by Richards (18) and others (19), the sensitiv-
ity to contrast differences decreases with age. Since this 
sensitivity decreases more rapidly beyond the age of 45-50 
years, it was decided to have subject categories of unequal 
chronological age. Five categories used are: 
Category 1. 18-45 years 
Category 2. 46-55 years 
Category J. 56-65 years 
Category 4. 66-?5 years 
Category 5· ?6---
Each of these categories has at least three subjects in it. 
At both luminances and through each tint the visual 
acuity, as expressed in minutes of arc subtended at the eye, 
-11-
was calculated from the smallest letter read correctly. The 
average acuities. and their associated standard deviatiohs, 
were then calculated for eac:h. age group under each condi-
tion. This average data was then plotted on two-bank 
semi-log paper where test letter detail (acuity) was 
plotted against test letter contrast. The control data was 
also plotted on each graph for comparison and to make_the 
' acuity losses due to the tint more obvious. There are 
several cases where part or all of the subjects in a group 
were unable to see even the 20/200 letter at a particular 
contrast. When this happened, the averaged data was calcu-
lated without including those subjects. When plotting these 
points, a number is placed next to those points that don't 
include the entire group, and a dotted line was used in 
those cases where two or more subjects in a group were 
unable to see even the 20/200 letter. 
After all the data was collected on the subjects, the 
absorbtivity (transmittance T ) of the plastic lenses was 
determined at lOn~ intervals from 4oonm to 750nm. Using 
this data, the C.I.E. specifications were calculated for 
each lens (see Table V). The dominant wavelength and purity 
(f) of each lens was determined graphically using a large 
scale color triangle (Munsell's largest C.I.E. color tri-
angle). This was done for both Illuminant A (tungsten) 
and Illuminant D (overcast sky) (See Table VI). Respective 
wavelengths were then multiplied by the C.I.E. Standard Ob-
server Curve for photopic illumination (V ) and a composite 
-12-
table (T x V ) was produced (See Table IV). This composite 
data was then plotted with the relative· usefulness for per-
ception of light transmitted by the lenses on the ordinate 
and wavelength plotted on the abscissa. The values on 
the ordinate are arbitrary units relative to 555mn (See Figure 
I V) S . 1-h . . J ., . +. t 5 ''5 _,_, . v • .. 1nce -,>1. e eye ls maxlma . .1.y sensl ,l ve a :J nm, vnls 
wavelength was used as the baseline and sensitivity of the 
eye for that wavelength was set at 100%. The average per-
centage transmission of light utilized by the eye was calcu-
lated for each lens (x T x V ). Again, the units are arbi-
trary and for comparison purposes only. 
-13-
r:.. 
The measurements of acuity through each tint at~both 10 
and O.lfL were averaged for each age group, and plotted as 
minutes of arc at the eye of the test letter detail (See 
Table II). This data is then plotted on semi-logarithmic 
paper with the mean acuity (in minutes of arc) on the left 
ordinate log scale and the target contrast on the abscissa 
(Figure II). This was done for each age level through every 
tint color, and at both target luminances. For ease of 
understanding, the Snellen notation that corresponds to 
the test letter detail is plotted on the right ordinate. 
At lOf'L luminance neither blue tint showed a marked 
effect on acuity~ though the effects were more evident at 
moderate levels and the lowest contrast level (11%). In no 
cases were the subjects able to see a 20/40 target at 11% 
contrast, and in the oldest age ca a 20/40 target 
was visible only at the 95 and 91% contrast levels with 
no tints being used. 
At the O.lfL luminance the effects of the blue tints 
were similar to those at the higher luminance. However, at 
the 11% contrast level the tints caused at least one person 
in each age group older than 1+6 to be unable to see even 
a 20/200 letter. Both light and dark tints affected acuity 
approximately the same, except in the 76 and older age group. 
Here the light blue tint caused no decrement in acuity from 
87% contrast down to 11% contrast. However, the dark blue 
tint prevented one subject from seeing a 20/200 letter 
even at the greatest contrast, and allowed only one subject 
-14-
to se·e any letter at all of the contrast levels below the 
74% contrast level. Interestingly, in the 18-45 age group 
the dark tint seemed to help the acuity at the 95% contrast 
level, while decreasing it in all other groups. At both 
luminance levels there was a trend for the blue tints to 
have a greater effect on acuity at the 60% contrast than 
on the acuity on either the next higher or lower level. 
At the lOfL luminance level the brown tints showed 
similar effects to the blue tints, generally showing 
greatest effects at moderate levels of contrast. However, 
the effects were more pronounced than in the case of the 
blue, with the dark tint being more detrimental than the 
light tint. The greatest effects were seen in the 18-45 
and 76 and older age groups, where the decreases in acuity 
were significant for the three lowest levels of contrast. 
In all age groups except the youngest, the dark brown tint 
decreased the average acuity to 20/l+O or worse at the 24% 
contrast level. In the two oldest age groups, both tints 
decreased the average acuity to less than 20/40 at the 24% 
contrast level. Once again, no group was able to see better 
than 20/60 with the 11% contrast target, and in the two 
oldest groups at least one person was unable to S•.':!e even a 
20/200 letter at the 11% contrast level througn the darker 
tint. As with the blue tints, at the 87% contrast level the 
dark brown tint increased acuity over the control level from 
20/L!-5 to 20/40 in the 76 and older group. 
The effects of both brown tints were greater at the 
O.lfL llli~inance level. In most a~e groups both tints 
-15-
caused a dec~ease in acuity at all levels of contrast. The 
exceptions were in the 18-l.J-5 age group, where the light tint 
improved acuity at the 62 and 24% levels, and in the 66-?5 
age group, where the light brown tint had no effect on the 
average acuity at the 74 and 62% contrast levels. In all 
groups9 except the 18-45 and 56-65, both tints decreased acuity 
. 
to less than 20/100 at all contrasts below 35~0. At the 11% 
contrast level at least one half of the subjects in each 
group was unable to see even a 20/100 letter through the darker 
tint, and no one in the 76 and older group could see the 
20/200 letter. At the oldest age level both broVvn tints 
prevented one subject from seeing a 20/200 letter~ and at 
all levels of contrast at or below 75% only one subject was 
able to see an,;y of the letters. Again, like with the dark 
blue tint, both the light and dark brown tints increased 
acuity at the 95% contrast level for 18-45 year old age group. 
With a lOfL target luminance, the effects of both the 
light and dark grey tints were inconsistent. In the 18-45 
age group the subjects showed the same acuity through the 
dark tint as through the clear control for all but the highest 
contrast levels, and these acuities were both higher than 
those through the light tint. In the '46-55, 56-65 and 66-75 
age groups the effects of the light and dark tints were 
similar, being more significant in the 66-75 year old age 
group. In all but the 18-45 and the 56-65 groups, average 
"+ aculvY at 24% contrast was less than 20/40 through both grey 
tints, and dropped off to less that 20/100 at the 11% contrast 
-16·-
level. In the 76 and older group, both grey tints decreased 
acuity from 20/100 to 20/200 with the 11% contrast target. 
Also in the oldest group, a 20/40 average acuity was attainable 
with no tint at the 90 and 95% contrast, but the addition of 
either grey tint dropped -:the acuity to at best 20/47. 
viThen the target luminance was lowered to 0 .lf'L the 
effects of the grey tints became more consistent and more 
evident. At the 11% contrast level no group had an average 
acuity better that 20/100 through either tint, and through 
the dark grey tint at least two people in all groups except 
the youngest were unable to see even a 20/200 letter. Simi-
lar to the effects of the brown and blue tints on the 76 and 
older age group, the light grey tint prevented one subject 
from seeing even a 20/200 letter at all eontrasts, and the 
dark tint allowed only one subject to see any target letter 
at or below 60% contrast. At the 87% contrast level the light 
grey tint allowed a better average acuity than the clear, 
control lens in the 46-55 and 56-65 year old age group. 
Again, it seemed that a tint raised the average acuity at 
the 95% contrast level for the 18-45 year age group, where 
it is seen that a slightly better acuity is attained through 
a light grey tint than through a clear control lens. 
The transmittance values of the lenses were determined 
by the American Optical Corporation research department on 
their spectrophotometer (See Figure III). The clear control 
lens transmitted approximately 92% of the light from 420nm 
to 750nm. The blue lenses showed a dip in their transmission 
7-
curves from the green to the orange :portions of the spectrum .. 
The transmission at 555nm was 77% for light blue and 67% 
for the dark blue. The brown lenses transmitted most of 
' i 
• i the longest wavelengths while cuttlng down the blue, green, 
yellow and orange wavelengths. The light brown lens allowed 
about 68% of the .5.55r>.m light through~ while the dark brown 
lens let about 37% of the 555nm light through. The grey 
lenses did not have smooth transmission curves, showing a 
dip in transmission of green and yellow light. The per-
centage transmission of 555run light for the light grey lens 
was 65% and was 42% for the dark grey lens. All of the 
lenses transmitted approximately 90% of the long wave-
length light (that greater than 680nm). 
Purity and percentage transmission of the dyed lenses 
was only marginally affected by the two different illuminants 
for which the C.I.E. specifications were found. However, 
there was a marked effect on the dominant wavelength of the 
tints. Changing from the tungsten light (2854 K) to 
daylight showed the following changes in the dominant wave-
lengths: light blue from 492nm to 455nm, dark blue from 
'+89rnn to 480run, light brown from 589nm to 6l.lnm ~ dark brown 
from 589nm to 582nm, light grey from 486nm to 556nm and 
dark grey from 477n.m to 46onm. These marked changes in the 
dominant wavelength would seem to indicate that these dyes 
are mixtures rather than pure C?lor dyes. This is also shown 
by the purity values for the lenses. All values were low, 
and approached a significant value in only the dark blue and 





of transmission between the light and dark tints. , This was 
especially true of the grey dye. 
Because the eye is maximally sensitive at 5.55nm, the 
Ctl.rves relating tl'1e spectral sensitivity of the eye to the 
light transmitted by the lenses are all centered around 
555nm. IJ:lhe values at every lOnm between 410nm and 690nm 
were averaged for each curve to give a mean value, thereafter 
referred to as the "utilization quotient" of the light 
transmitted by the lens. 
The overall utilization quotient of the clear lens is 
approximately O.J4. The light blue lens shows a utilization 
quotient of 0.28, with the curve having a slight skew to-
wards the shorter wavelengths. The utilization quotient of 
the dark blue lens is 0.25, and again, the curve is slightly 
shifted towards the shorter wavelengths. The quotient for 
the light brown lens is the same as that for the da.rlc blue 
lens~ 0.25, while the quotient for the dark brown lens 
is O.lJ. Neither brown lens showed a significant shift in 
their curves. The light grey lens had a utilization quo-
tient of 0.24, and was basically centered on 555rh~. The 
dark grey curve had a quotient of 0.15 and did show a 
slight shift towards the shorter wavelengths. 
-19-
The data collected shows that a tint, any tint, has 
a detrimental effect on acuity at low luminance levels. 
At lOfL ta.rget luminance, about that found in a moderately 
lighted living room, it was found that tints have a marginal 
effect. In the 76 and older age group the average visual 
acuity through any tint was less than 20/40 for all targets 
of less than 90% contrast. Considering that the contrast 
between the black letters and the white page of an average 
text book is 80% or so, a tint could make it extremely dif-
ficuJ.:t for an older person to read a phone book ( 20/1-to), a 
bibie (20/JO) or even a newspaper (20/50) without auxiliary 
lighting (20). Though this would not be a major problem at 
home, other situations (i.~. a phone booth) could pose a 
problem. At this level of illumination it was also seem 
that for all groups 46 years or older. acuity drops off to 
less than 20/40 at all contrast levels less than 25%· Since 
maximum color contrast has a visual acuity equivalent to a 
brightness contrast of 35%, a tint may make quick identifi-
cation of low contrast, colored objects harder for'those who 
are middle-aged and older (21). This would be especially true 
if the transmission characteristics of the tint interacts 
with the contrast of the colored objects. 
The effects of all of the tints at o.lfL target lumi-
nance were pronounced enough to prevent at least one subject 
from seeing even a 20/200 letter at 11% contrast in all of the 
age groups older than 46. The tints that transmitted less 
' 
light (brown and grey) decreased the average acuity of all 
-20-
but the youngest group to less than 20/100 ot all contrast 
levels at or below 35%. A brick on an asphalt road 250 feet 
away from an observer subtends about 10 minutes of arc at the 
eye (20/200) and shows a contrast of 25-50%. This means that 
for a person of middle age or older, the brick or a similar 
object would be almost at threshold~ where identification 
is extremely difficult. In a car traveling 60 miles an hour 
(88ft/sec) a person would have less than 3 seconds to iden-
tify the object and react to it. When you consider that 
a sign having letters 5 inches tall is reada'ble at about 
250 feet, and that it takes about 350 feet to stop a car 
traveling 60 miles per hour, this identification task becomes 
all the more formidable (22). When the subjects in the 76 
and older group were wearing the dark grey (transmittance 
42% at 5.5.5nm) or the dark brown (transmittance 37% at .555nm) 
their acuity was decreased from an a between 20/140 and 
20/1.50 to the point where only one subject was able to see any 
target at less than 7.5% contrast. This means that non-reflecting 
signs that depend mostly on color contrast for visibility 
may not be legible to the older population having a tint 
in their glasses when viewed under average rural night driving 
conditions. 
The dark blue tint, the light brown tint and the light 
grey tints all showed similar average percentage transmit-
tance, near 67%, and similar utilization quotients, 0.25, o.24 
and 0.25 respectively. Using Table III (Acuity Loss 
Through Tinted Lens Relative to·Acuity Through Clear Lens), 
-21-
it is seen that the losses caused by these three lenses 
•are very similar. The grey lens was the least detrimental 
for all age groups, but marginally so. In groups older than 
55 years of age, the blue lens caused more consistent de-
creases in acuity than either the brown or grey lens, espec--
ially in the 76 and older group. This may be related to 
the greater scattering of short wavelength light due to aging 
of the ocular media. 
When the acuity losses caused by thetlight-vs-dark 
tints are compared, definite trends do develope. At lOfL 
target luminance none of the tint colors showed a consistent 
decrease in acuity with a decrease in transmission until the 
subjects were 66 years old or older. The decrease in the 
percentage of transmitted light between the light and dark 
brown .is greater than the other two tints, and, as would be 
expected, the acuity decreases be 
are greatest for the brown tints. 
the light and dark tints 
When the target luminance is lowered to O.lfL (the 
equivalent of night driving), the effect of .less lens transmis-
sion is even more marked at all ages beyond the youngest. 
Here the acuities through the light blue (77% transmittance) 
(See Table VII), and the dark blue (67% transmittance) tints 
are comparable, with the acuity through the darker tint 
averaging 4% lower than that through the lighter tint: ·V'Jhen 
the acuities through the brown tints are comparedj those 
through the dark tint (37% transmittance) are an average of 
23 to 35% lower than those through the light brown tint 
~22-· 
(67% transmittance). The effects on acuity are similar for 
the grey tints; the acuities through the dark tint (38% trans-
•. + ) b . 1 8 t 3 6% 1 t' t:h -'-h 1 m1-c ..,ance e1ng on an average .L o o ess 11an " _ose ~, roug.,.~, 
the light tint ( 62% transmittance). By compa:r·ing the per-
centage decrease of the light tint to the dark tint of 
each color~ it can be seen that the gr·eater the percentage 
decrease in transmittance, the greater is the decrease in 
acuity. A 13% decrease in transmittance of the blue lens 
results in an average decrease in acuity of 4%: a 39% decrease 
in transmittance of the grey lenses resulted :in an average 
decrease in acuity of 18-35%; and a 4~-% decrease in trans-
mittance of the brown lenses resulted in an average decrease 
in acuity of 23-35%· Since it's been shown that color has a 
marginal effect on acuity, these decreases must be due to 
the lowered transmittance. The loss of vision due to the 
decrease in transmitted light through absorbative 1:enses 
increases with age. There may be even more acuity loss from 
the altered color vision when tinted lenses are worn that 
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Table I. Raw Data 
Age Group= 18-45 Luminance; 10 footlamberts 
Visual 
Subjects Age Acuity 
V . .M. JO 20/20 
L.V!l. 34 20/20 
V\T.L. 26 20/20 
Visual Acuity: Test Letter Detail - Min. Arc 
Contrast 95·2 90.6 87.2 74.1. 61.2 35·2 24.8 11.0 Sub,j. Level Init, 
Clear: 1.25 1.0 1.25 1.25 1.0 1.0 1.5 3·5 LW 0.75 1.0 1.0 1.0 1.0 0.75 1.0 ~ c:; VIVi 




Light 1.5 1. 25 1.5 1.25 1.5 1.5 2·5 to.o LW 
L 0.75 1.0 t.o 0.75 0.75 0.75 1.5 3·5 VIVI 0.75 1.0 1.0 0.75 1.0 1.0 1.25 J c WL E . _) 
N Dark 1._5 1.0 2.0 1.5 1.5 L5 <) 5 :s.o LW s f,., ... 0.75 1.0 1.0 1.0 1.0 0.75 1.0 3·5 VM 
0.75 1.0 LO 1.0 1.0 0.7_5 1.25 3·5 ~'\lL 
'r Brown: I 
N Light 1.25 1.25 1.0 :.25 1.5 1.2_5 2·5 s.o LW 
m 0.75 1.0 LO 1.25 LO 0.7_5 1.0 3·5 VN.l 
. .!. 0.75 1.0 1.0 0.75 1.0 LO 1.0 3·.5 ii'JJ.J 
Dark 1.2_5 1.25 1. 25 1.25 1.5 2.0 2·5 10.0 LW 
1.0 1.0 LO 1.0 1..0 0.7_5 1_._5 3·5 VIVl 1.0 1.0 1.0 0.75 1.0 1.25 1·5 _5.0 WI, 
Grey: 
Light 1.5 1.2_5 1.25 1.5 1. 25 1.5 2·5 J"~ _, 1·v~ 
0.75 1.0 1.0 1.0 1.0 0.75 1.5 3·5 VM 0.75 1.0 1.0 1.0 1.0 1.0 1.25 3·5 ~'\11, 
Dark 1.25 1..0 1.25 1.25 1.0 1.0 1.5 3·5 LW 
o.75 1.0 1.0 1.0 1.0 0·75 1.0 J.5 VIvt 
0.75 0·75 1.0 0.75 1.0 t·,, 0 :t.25 3·5 \r~L 
Table I. Raw Data. (cont.) 
Age Groun: 18-45 Luminance: 0.10 foorlamberts 
Visual 
Subjects Age Acuity 
V .IVL JO 20/20 
L.W. )4 20/20 
W~L. 26 20/20 
Visual Acuity: Test Letter Detail 
- Min. Arc 
Contrast 95·2 90.6 8?.2 74.1 61.2 35·2 2L~. s 11.0 Sub:j ... I.e vel 
Clear: 1.5 1.25 2.0 2.0 2.0 1.5 2.5 5·0 2.0 1.5 1.5 1.5 2.0 2.0 3·5 _5.0 VlVl 2.0 1~5 1.5 1..5 2.0 2.0 3·5 s.o WI~ 
Blue: 
Light 1.5 1.2_5 2.0 2.0 2.0 1.5 2.5 5·0 LW 
L 2.0 1.5 1.5 1.5 2.0 2.0 3·5 5·0 VM 
I~ 2.0 1.5 1.5 1.5 2.0 z.o 3·5 5·0 WIJ 
N Dark 1..25 2.0 2.0 1.5 1.5 2.0 2·5 s.o LV:J s 1i5 2.5 1.5 2.0 1e5 £.0 2J.5 5·0 VIvi 
1·5 2.0 2.0 1._5 2·5 l. 5 3·5 5·0 WL 
rr 
Brown: I ~Light 1.25 1.5 2.0 1.5 1 t' 2.0 2.5 5·0 I.1W N "-'J 
rp 2.0 2.5 2.5 2.0 2.0 2.0 2·5 5.0 VTVl .L 
1&5 2.0 2.5 1.5 2.0 z,o 2·5 s.o \1\li, 
Dark 1.5 2.0 2.0 2.0 2.0 2·5 3~5 s.o LW 
2.0 2.5 2.5 1.5 2.5 2.0 2.5 10.0 VNi 
1.~ 2.0 2.0 2.0 2.5 2·5 3·5 10.0 \PJL 
Grey~ 
Light 1.5 2.0 2.0 2.0 2.0 2.0 2·5 5.0 Lir~ 2.0 1.5 2.5 2.0 1.5 2.0 3·.5 s.o VlVI· 1. 5· 1.5 2.0 1.5 2.5 2.0 2.5 s.o vvL 
Dark 2.0 2.0 2.0 2.0 2.0 2.0 3·5 10~0 LW 2.0 2·5 2.0 .. 2.0 2.5 2·5 3·5 10.0 V!VJ 2.0 2·5 2.0 2.0 2.0 2.0 3·5 s.o WL 
Table I. Raw Data (cont.) 
Age Group: i.j.h.~ r~ r;; ~ --"-' Luminance~ 10 footlamberts 
Visual 
Subjects Age Acuity 
N.B. 48 20/20 
I.G. 53 20/20 
J,B. 54 20/20 
Visual Acuityg Test r.etter Detail - Min. Arc 
Contrast 95·2 90.6 8?.2 74.1 61.2 .2 24.8 11 .• o Subj, Level I:ni 
Clear: 1.0 1.0 1.0 1.0 1.0 1.25 1.5 3·5 N.E 
2.0 1.25 2.0 2.0 1 r.' •:J 2.0 2·5 10.0 I.G 
1.0 1.0 L:O 1.0 :t. 25 t@5 2.~,0 3·5 J.B. 
Blue: 
L Light 1.25 1. 25 1.25 1. 25 1.5 "l ,-..... .) 2·5 5·0 NB 
E 2.0 1.5 2.0 2.0 1.5 2.0 2·5 10.0 IG 
N 1. 25 1.0 1.0 1 .. 0 1.25 LO 1 .• 5 3·5 lJB 
('' 
i:) 
Dark 1.25 1.25 1.25 1..25 1.5 1.5 2·5 s.o NB 
T 1.5 1·5 1.25 2.0 2.0 >') •''• t.:. u 2.5 IG 
I 1.25 LO 1.0 1..0 1.25 :t. 25 1·5 3·5 JB 
N 
T Brown: 
Light 1.25 1.25 1.25 1 .. '25 1~5 L.S 2·5 5.0 Nli 
1. 25 1.25 1.25 1.5 1.5 2.0 2·5 10.0 IG 
1.0 LO 1.5 1.25 1.25 1. 25 1..5 3·5 JB 
Dark 1. 25 1.5 1.5 1. 25 1..5 1·5 2,5 1.0.0 NlL 
1.5 1.5 1.5 2.0 2.0 2.0 2·5 IG 
1.0 1.0 1.0 1.25 1.25 1.5 1.5 3·5 JB 
Grey: 
Light 1.5 1.25 1. 25 1. 25 1.5 2.0 2.5 5.0 NB 
lc5 2.0 2.0 2.0 2.0 2·5 2·5 IG 
1.0 1.0 1.0 1.25 1.5 LO 1. 25 J ~ •_; JB 
Dark 1.5 1.25 1.25 1.25 1.5 2.0 2,_5 _5.0 NB 
1.) 1.5 2.0 2.0 2.0 2.0 2·5 10.0 IG 
1.25 1.0 1.0 1.0 1.5 1. 25 2·5 3·5 JB 
Table I. Raw Data (cont.) 
Age Group= 46-55 Luminance~ o.t footlamberts 
Visual 
Subjects Age Acuity 
N.B. '48 20/20 
I .G. 53 20/20 
J.B 54 20/20 
Visual Acuity: Test Letter Detail - lViin .. Arc 
Contrast 95·2 90.6 87.2 74.1 Level 61.2 35·2 2'+. 8 11.0 SubJ ·" ..;. 
'v ,-. 
Clear: 2·5 3·5 3·5 2.5 2.5 3·5 3·5 10.0 NB 2·5 3·5 s.o 3·5 s.o 5·0 to.o IG 2.0 2.0 2.0 2.0 2.5 2 r ._) 3·5 5·0 . JB 
Blue: 
Light 2·5 3·5 3·5 2·5 3·5 3·5 3·5 10.0 NB L 3·5 3·5 5.0 5·0 5·0 10.0 1·0"'0 Tr. ~u 
E 2.0 2.0 2.0 2.5 2·5 2·5 3·5 10.0 ''R o)..., 
N 
s Dark 2·5 3 c; 3 c, 2·5 3·5 3·5 5·0 10.0 NB ·~ • ,.1 3·5 3·5 s.o 5·0 5·0 10.0 10.0 TG 2.5 2·5 3·5 2·5 2·5 2-5 3·5 JB 
T 
I Brown: 
N I.ight 3·5 3·5 3·.5 ':I .- :3. 5 3·5 3·5 10.0 NB _,;•) 
T 3·5 s.o s.o 5·0 s.o 10.0 10.0 IG 2.0 2.0 2.5 2.0 2.5 J,5 s.o JB 
Dark 3·.5 3·5 3·5 3·5 s.o s.o 10.0 NB 
3·5 3·5 5·0 s.o s.o 10.0 10.0 Ir' IJ 
2.5 3·5 3·5 J·5 3·5 5·0 10.0 JB 
Grey: 
Light 2·5 3·5 3·5 3·5 3·5 3·5 s.o 10.0 NB 
3·5 3·5 J·5 s.o s.o 10.0 10.0 IG 
2.5 2.5 2.5 2·5 3·5 2·5 s.o 10.0 JB 
Dark 3·5 3·5 s.o 3·5 3·5 5.0 10.0 NB 5.0 s.o s.o 5·0 10.0 10.0 IG 
3·5 2.5 2.5 3·5 3 .:; "-' 3·5 10.0 JB 
Table I. Raw Data (cont.) 
Age Group: 56-65 .Lum e: 10 footlamberts 
Visual 
Subjects A~; Acuity PJI. B. 20/20 
L.G. 57 20/20 
P.K. 62 20/20 
J.G. 59 20/20 
N.W. 58 20/20 
E.G. 59 20/20 
Visual Acuity: Test Letter Detail 
-
IVJ.~tr1 <1, Arc 
Contrast 95·2 90.6 8?.2 ?I+ .1 61.2 35·2 24.8 11.0 Sub:. Level Init" 
Clear: 1.0 1.0 1.25 1.0 1.0 1. 25 1 5 3·5 IvlB 
1.0 1.0 1.0 1.0 1. 25 1.2_5 1. 25 2-5 LG 
0.?5 1.0 0.75 0.75 1.0 0 ..,,, . (::; 1.5 3·5 PK 
1.0 0.75 1.0 1.0 LO 1.0 1.0 3·5 JG 
1.25 1. 25 1.0 1.2_5 1.25 L5 2.0 3·5 N\JJ 
1.0 1.0 0.75 1.0 0.?5 1·.25 1.5 3·5 EG 
Blue: 
Light 1.25 1.0 1·25 1.5 1.25 1.25 2.5 3·5 N1B 
0.?5 1.0 o.75 1.0 1.0 1.0 1·5 2·5 LG 
L 0.75 0.75 1.0 0,75 1.0 1. 25 1.5 5.0 PK 
E 1.0 1.0 1.0 0.?5 0,75 0.'?5 1.25 3·5 JG 
N 1.5 1.25 1.0 1. 25 1.25 1.5 2·5 10.0 NW 
s 1. 25 1.0 1.0 1.25 1. 25 1.5 2·5 3·5 EG 
Dark 1. 25 1.5 1.0 1. 25 1. 25 1.0 1.5 10.0 I1iB 
T 0.75 1.0 o.75 1.25 1.25 LO 1. 25 3·5 LC "" I 0.?5 1.0 1.25 0.75 1.0 1.0 1.5 5·0 PK 
N 1.0 1.0 1.25 1.5 1·5 1.5 1.5 2·5 JG 
T 1.5 1.5 1.0 1.25 1. 25 1.5 2·5 10.0 mv 
1.0 1.0 1.25 0·75 L5 1.5 1.5 5·0 EG 
Brown: 
Light 1.25 1.0 L:o 1. 25 LO 2·5 2·5 10.0 .f!:: }J 
1.25 1.0 1.0 t.o 1. 25 1.0 1.25 2.5 LG 
0.75 1.0 1. 25 0.75 1. 25 1. 25 1.5 s.o PK 
0.75 1.0 0·75 0.?5 0.75 1.0 1.25 3·5 JG 
1.5 1.25 1.0 1.25 1.25 :1.5 2·5 10.0 NV\1 
1.0 0.75 1.0 1.0 1.5 1. 25 1.5 3·5 EG 
Dark 1. 0 1. 25 1. 25 1.0 1.25 2.0 1.5 5·0 IYIB 
1.0 1.0 1.0 1.0 1.5 1. 25 1.5 3·5 LG 





Table I. Raw Data (cont.) 
Age Group: 56-65 (cont.) Luminance: 10 footlamberts 
Contrast 95·2 90.6 87.2 74.1 61.2 35·2 24.8 11.0 Sub.: Level Init 
L 
Grey; 
Light 1.25 1.25 1·25 1.25 1..25 1. 25 1.5 J L' E 
. _) 
1.0 t.o 1.0 1.0 1.25 0.?5 1.5 2·5 IG 
N 0.75 1.0 1.0 0.75 0.7_5 0.75 1.5 5·0 
s 0.75 1.0 1.0 0.75 LO 0.75 1. 25 2·5 Jr· c.T 
1.25 1.0 1.0 1.0 1.0 1..25 1.5 _5.0 !·l itJ 
T 1.0 1-.0 1.0 1.0 1.25 1.5 1. 25 5·0 :EG 
I 
N Dark 1.25 1.0 1. 25 1.0 1.0 1.25 1.5 3·5 r,; 13 
T 1.0 1.0 1.0 1.0 1.25 1.25 12.5 2·5 lG 
0.75 1.0 1.25 t.25 0.75 0 .--;:; . (-' 1.5 3 ~ . _, PK 
1. 25 0.75 1.0 1.0 1.0 1.0 1..0 3·5 J'' c.T 
1.25 1.25 1.0 1. 25 1.?5 1.5 2.0 3·5 NW 
1.0 1.0 0.75 1_.0 0.75 1.25 1.5 3·5 EG 
Table I. Raw Data (cont.) 
Age Group: 56-65 Luminance: 0.1. footlamberts 
Visual 
Sub,jects Age Acuity 
M.B. 6) 20/20 
L.G. 57 20/20 
P.K. 62 20/20 
.. T .G. '59 20/20 
N. ~·J. 58 20/20 
E 3G·. 59 20/20 
I 
Visual Acuity: Test Letter Detail lVIin. Arc I - I 
I 
Contrast 90.6 ?4.1 61.2 Sub ~ Level 95·2 8?.2 35·2 24.8 1LO Init. I 
! 
Clear: 2.0 2.5 2.0 2.5 3·5 2.5 3·5 1.0. 0 MB ! i 
1.5 2.0 2.0 2.0 2.0 2.0 2·5 5.0 ID i ! 
1.5 2.0 2.0 2.0 2.5 3·5 3·5 10.0 PK i ~ 
1.5 2·5 2.0 2.0 2.0 2.5 3·5 10.0 JG I 2.5 2.5 3·5 3·5 3·5 s.o 5·0 10.0 NW ~ 2.5 3·5 2.0 2.0 2·5 3·5 3·5 10.0 EC~ ! I 
Blue: I Light 3·5 3·5 3·5 2.0 2.5 3·5 3·5 10.0 IltB I 
1.5 2.0 2.0 2.0 2·5 2.0 3·~ 5,.,o LG I L 2.5 2.0 2.0 2~0 =). 5 3·5 s.o 10.0 PK 
E 1.5 2.0 2.0 2.0 2.0 2.5 3·5 10.0 JG I 
N 3·5 3·5 3·5 3·5 5·0 5·0 5·0 10.0 m'i I ! 
s 2.0 2.0 2.5 2.0 2.5 3·5 3·5 s.o EG ! 
I Dark 2.5 2.0 2.0 2.0 2.5 3·5 3·5 10.0 NIB ' ! 
'I' 2.0 2.0 2.0 1.5 2.0 2.0 3·5 5.0 LG I 
I 1.5 2.0 2.0 2.0 3·5 3·5 3·5 PK 
N 2.0 2.5 1.5 2.0 2·5 2.5 3·5 10.0 JG 
T 5.0 3·5 5.0 3·5 5·0 s.o 10 . ,0 Nlrj 2.5 2·5 2.0 2·5 3·5 3·5 3·5 10.0 EG 
Brown: 
Light 2.5 2.5 3·5 2.5 ~.0 J·5 3·5 10.0 
1.5 2.0 2.0 2.0 2.5 2.0 3·5 s.o LG 
2.5 2.0 2.0 2·5 3·5 3·5 s.o 10.0 PK 2.0 1.5 2.0 2·5 2.0 
~~ 
3 t:; . -'. 3·5 10.0 JG 
3·5 3·5 3·5 3·5 5·0 s,o 10.0 10.0 m·.-
2.5 3·5 2.0 2.5 3·5 3·5 _5.0 1 o. 0 EG 
Dark 3·5 3·5 5.0 s.o 5·0 5·0 5·0 1 o. 0 j\J]'J 
2.5 2.5 2.0 2·5 2·5 3·5 5.0 10.0 LG 
3·5 3·5 3·5 3·5 3·5 5.0 10.0 PK I 
2·5 2.5 2.5 2.5 25. 5·0 5.0 10.0 JG I 
' 5·0 5.0 5.0 3·5 s.o s.o 10.0 N1t~ ;'! 
3·5 3·5 2·5 3·5 3·5 3·5 5.0 EG I I 





Table I. Raw Data (cont.) 









(cont.) Luminance: 0.1 footlamberts 
95·2 90.6 8?.2 ?4.1 61.2 35·2 24.8 11.0 
2.5 2.5 2·5 2.5 2.5 3·5 3·5 10.0 1.5 2.0 2.0 2.5 2.5 2.5 3·5 5·0 1.5 2.0 2.0 2.5 2.5 3·5 5·0 1.5 1.5 2.0 1.5 2·5 2.0 3·5 10.0 
3·5 J.5 2·5 2.5 J.5 5.0 10.0 10.0 
2.5 2.5 2·5 2.5 3·5 3·5 3·5 10.0 
'· J I 
I I 





' PK l I I 




'II 2.5 3·5 5·0 5·0 3·5 3·5 5·0 10.0 2.0 2.0 2.0 2.5 3·5 3·5 5·0 10.0 2.5 3·5 2.0 2.0 3·5 5·0 10.0 2.0 2.0 2.0 2.0 2.5 3·5 . 5. 0 10.0 5.0 5.0 3·.5 5.0 3·5 J.s s.o 10.0 
3·5 3·5 5.0 5.0 3·5 s.o 5·0 10.0 
hiB 
LG 
PK I JG 
NW I l 



























' L .. 
I 
' 
Table I. Raw Data 
Age Group: 66-75 Luminance: 10 footlamberts 
Visual 
Subjects Age Acuity 
G~Rg 66 20/20 
J.W. 68 20/20 
v.w. 69 20/20 
!VI. G. 66 20/25 
Visual Acuity: Test Letter Detail 
-
Min. Arc 
Contrast 95·2 90.6 8?.2 71+. 1 61.2 35·2 24.8 11.0 Sub:~. Level Init. 
Clear: 2.0 2.5 2.0 1.5 2.0 1.5 2.5 10.0 GR 
1.0 1.0 o.75 0.75 0.75 o.75 1.25 2.5 Tl•f <.) •• 
1.5 1. 25 1.5 1.5 1.25 1.5 2.0 3·5 VVJ 
1.5 1.5 2.0 1.5 1.5 2.0 2·5 10.0 hiG 
Blue: 
Light 2.0 1.5 2·5 1.5 2.0 2.0 2.5 10.0 GR 
1.0 1.0 o.7s 1.0 1.0 1.0 1. 25 2.5 JW 
L 1.5 1.25 1.5 1. 25 1. 25 1.5 2.5 3·5 vw 
E 1.5 2.5 2.0 2.0 2.0 2.0 2.5 10.0 lVlG 
N 
s Dark 2.0 1.5 1.5 2.0 L5 2.0 2.5 10.0 GR 
1.0 1.0 1.0 1.0 1. 25 1.0 1..5 3·5 JW 
1.25 1.5 1.5 1.25 1.5 2.0 2.5 5·0 vw 
T 2.0 2.5 2.0 2.0 2.0 2.0 3·5 10.0 MG 
I 
N Brown: 
T Light 2.0 1.5 2·5 2.0 2·5 1.5 3·5 10.0 GR 
1. 25 LO 1.0 1.25 1. 25 1. 25 1. 25 3·5 JW 
1.5 1.5 L5 1.25 1..25 1.5 2.5 3·5 VVJ 
2.0 2.5 2.0 1.5 2·5 2.0 2.5 10.0 MG 
Dark 2.0 1.5 2.5 2.0 2·5 2.0 3·5 GR 
1.0 1.0 1.0 1.0 1. 25 1.5 1.5 3·5 ,J1fJ 
1.5 2.0 1.5 1.25 1.5 1.5 2.5 5·0 Vu"J 
1.5 2·5 2.0 2.0 1.5 2·5 2·5 10.0 1Y}(J 
Grey: 
Light 2.0 2.5 2.5 .2.0 2.0 2.0 2.5 10.0 GR 
0.?5 1.0 0.75 1.0 1.0 1.0 1.5 3·5 JW 
1.5 1.5 1.5 1.25 1.5 1.5 2·5 3·5 VitJ 
1.5 2·5 2·5 2.0 2.0 2.0 3·5 10.0 lViG 
Dark 2.0 1.5 2.5 2.0 2.0 2.0 2·5 10.0 GR 
1.25 1.0 0.75 1.0 1.25 1.2_5 2.0 3·5 JW 
1.25 2.0 1.5 1.25 1.5 2.0 2.5 5·0 VltJ 
1.5 2.5 2·5 2.0 2.0 2.0 3·5 10.0 IvlG 
'l'able I. Raw Data 
Age Group: 66-'75 Luminance:· 0.1 footlambert 
Visual 
Subjects Age Acuity 
G.R. 66 20/20 
J.W. 68 20/20 
v.w. 69 20/20 
IVI.G. 66 20/25 
Visual Acuity: Test Letter Detail ~ 1 • Arc 
-
1V1ln. 
Contrast 95·2 90.6 87.2 74.1 61.2 35·2 24.8 . 11.0 SUbJ' Level Init, 
Clear: s.o s.o 3·5 s.o 10.0 10.0 10.0 GR 
1.5 1.5 3·5 2·5 2·5 3·5 3·5 5·0 J<;J 2.0 1.5 2.0 1.5 2.5 2.5 2·5 5·0 vw 
3·5 3·5 3·5 3·5 5·0 5·0 10.0 h!G 
Blue: 
Light 10.0 s.o 5·0 5·0 10.0 GR 
1.5 2.5 2·5 2.5 3·5 3·5 5·0 10.0 ,JW 
L 2.0 2.5 2·5 2.0 2·5 3·5 3·5 10.0 VltJ 
E 3·5 3·5 3·5 s.o 5.0 10.0 10.0 l11G 
N 
s Dark 10.0 5·0 5·0 3·5 10.0 10.0 GR 
2.0 2.5 2·5 2.0 2·5 2·5 s.o 10.0 ~nv 
2.5 2.5 2·5 2·5 2.5 3·5 s.o 10.0 VlJJ 
T 3·5 3·5 3·5 s.o 5·0 10.0 10.0 lVlG 
I 
N Brown: 
T Light 5·0 5·0 5·0 5.0 10.0 10.0 GR 
2.0 2.5 2·5 2.0 2·5 2.5 5·0 10.0 JW 
2.5 2.0 2.0 2.0 2.5 3·5 3·5 5·0 VV:J 
3·5 3·5 3·5 3·5 5·0 10.0 10.0 Iv1G 
Dark 10.0 5·0 10.0 10.0 10.0 10.0 GR 
2.5 2.5 3·5 3·5 3·5 5·0 10.0 10.0 J~r~ 
2.5 2.5 2·5 2.5 3·5 3·5 5·0 10. 0. v~v 
5·0 5·0 5·0 5·0 10.0 10.0 10.0 {V'C, 
l 
Grey: i i 
I Light 5.0 s.o s.o 5.0 10.0 10._0 GR I 
2.0 2.5 2.0 2.0 3·5 'i r' s.o s.o JW ~ ' ~-- !" ~) I 2.0 2.0 2.0 1.5 2.0 2*5 3·5 5·0 v~~ ' ' ! 
3·5 3·5 3·5 5·0 5·0 10.0 10.0 lv1G ! I 
I 
Dark 10.0 5·0 5·0 5·0 10.0 10.0 GR ! 
l 






Table I. Raw Data 
Age Group: 76--- T • .uUmlnance: 10 footlamberts 
Visual 
Subjects Age Acuity 
L.E. 79 20/25 
lVI.L. 76 20/30 
E;eS, 76 20/40+ 
Visual Acuity: Test Letter Detail 
-
Min. Arc 
Contrast 95·2 90.6 87·2 74.1 61.2 35·2 24.8 11.0 ::_)tlbj w Level Ini-':, 
Clear: 1.5 1.5 1. 25 1.5 1 r.:: '.J 2·0 2.0 5·0 LE 
2.0 2.'0 2.0 1.5 2.0 2.0 2.0 5·0 ML 
2._5 2.5 3·5 _5.0 3 c: •_..; 5·0 5·0 ES 
Blue: 
Light 1. 25 1.5 1.5 1.5 1.5 2.0 2.5 :1.0.0 I,E 
2.0 2.5 2.0 1.5 2.0 2._5 2·5 10.0 IviL 
L 3·5 3·5 5·0 5.0 5·0 _5.0 10.0 ES 
E 
N Dark 1.5 2._5 2.0 2.0 2.0 2.0 3·5 10.0 LE 
s 2.0 2·5 2.5 1.5 2.5 2.5 3·5 1.0.0 ML 
5·0 3·5 s.o 5.0 s.o 5·0 lO.O ES 
'Il Brown: 
I Light 2·5 2.0 1. 25 2.0 L5 2.0 3·5 lO.O LE 
N 2.0 2·5 2.0 1.5 2.5 2·5 J.5 10.0 IViL 
lf1 3·5 3·5 2.5 _5.0 _5.0 _5.0 10.0 ES .J. 
Dark 2·5 ].6 J.O 2.6 J.O J.O 6.0 10.0 LE 
2.0 2._5 2.0 2.0 2._5 2·5 3·5 10.0 lviL 
3·5 3·5 2·5 5·0 _5.0 _5.0 10.0 ES 
Grey: 
Light 2.0 1.5 1.5 1.5 2.0 2·5 2·5 10.0 LE 
2.0 2.0 2.0 2.0 2.0 2·5 2·5 10.0 IV!L 
3·5 3·5 3·5 5.0 3·5 _5.0 10.0 ES 
Dark 1.5 1.5 2.0 2.0 2.0 2.0 3·5 10.0 LE 
2.5 2.5 2.0 2.0 2.0 2.0 2·5 10.0 lVJL 
3·5 3·5 5·0 5·0 10.0 5·0 10.0 Ti~ ~0 
Table I. Raw Data 
Age Group: 76--- Luminance: 0.1 footlambert 
Visual 
Subjects Age Acuity 
L.E. 79 20/25 
N!. L. ?6 20/JO 
E.S. 76 20/40+ 
Visual Acuity': Test Letter Detail - Min. Arc 
Contrast 95·2 90.6 87.2 74.1 61.2 35·· 2 24.8 11.0 SttbJ .. Level Init~ 
Clear: 3·5 5·0 5·0 10.0 10.0 10.0 10.0 I><' J~J
2·5 2·5 3·5 3·5 3·5 3·5 s.o ML 
10.0 10.0 to.o 10.0 
Blue: 
Light 10.0 5.0 s.o 10.0 10.0 10.0 LE 
3·5 3·5 3·5 5·0 s.o 3·5 10.0 ~IlL 
L 10.0 10.0 to.o ES 
E 
N Dark 10.0 10.0 10.0 10.0 LE 
s 3·5 3·5 3·5 3·5 5·0 s.o 10.0 ML 
ES 
T Brown: 
I Light 10.0 10.0 10.0 :to.o LE 
N 3·5 s.o 3·5 3·5 3·5 s.o s.o ML 
T 10.0 10.0 10.0 ES 
Dark 10.0 10.0 10.0 LE 
s.o 3·5 3·5 s.o 5·0 10.0 10.0 IVlL 
ES 
Grey: 
Light 5·0 s.o 10.0 10.0 10.0 LE 




Dark 10.0 10.0 10.0 10.0 LE 
s.o 3·5 s.o s.o s.o 10.0 10.0 IvlL 
s.o 10.0 ES 
Table II. Statistical Data 
Visual Acuity: Test Letter Detail 
Clear Control Lens 
Table II. Statistical Data (cont.) 
Blue Tint: Light Target Lumina.:nce: 10f1 
Age 
Group 18-45 46-55 56-65 
Mean Std. Mean Std. Mean Std. 
V.A. Dev. V.A. Dev. V.A. Dev. 
95·2 1. 00 o.4J 1. 50 o.4J 1. 08 O.JO 
90.6 t.o8 0. 11+ 1. 25 0.25 1.00 0.16 
87.2 1.17 0.29 1.42 0.52 1. 00 o. 16 
74.1 0.92 0.29 1.42 0.14 1. 08 O.JO 
61.2 1. 08 0.)8 1 .42 0 .1l+ 1. 08 0.20 
.35·2 1. 08 O.J8 1.50 1. 00 1. 21 0.29 
2i+. 8 1. 25 0.25 2.17 o.57 1.96 o.6o 
11.0 5·67 3·?5 6.17 ).40 4.67 2·73 
Age 
Group 66-75 76---
Mean Std. lVIean Std. 
V.A. Dev. V.A. Dev. 
95·2 1.50 0.41 2.25 1.14 
90.6 1.56 0.66 2.50 1.00 
87.2 1.69 0.75 2.8) 1.89 
7'+. 1 1.44 o.4J 2.67 2.02 
61.2 1. 56 0.52 2.8) 1. 89 
35·2 1.62 0.48 J .17 1.61 
24.8 2.19 0.62 5.00 4.JJ 
11.0 6.50 4.06 10.0 o.oo 
Blue Tint: Dark ~arggt ·Luminance: 10fL 
Age 
Group 18-45 46~ .. r; ') 
,..,.,., ~""' 56-65 
Mean Std. Mean Std. Mean Std. 
V.A. Dev. V.A. Dev. V.A. Dev. 
95·2 1.00 o.4J 1.)3 0.14 1. 04 0.29 
90.6 1.00 o.oo 1. 25 0.25 :!..16 0.26 
87.2 1.33 0.58 1.17 0.14 1. 08 0.20 
74.1 1.17 0.29 1.42 0.52 L12 0.31 
61.2 1.17 0.29 1.58 0.)8 1.29 0.19 
35·2 1.00 o.4J 1. 58 0.)8 1. 25 0.27 
24.8 1.58 0.80 2.17 0.58 1.62 0. 1+4 
11.0 4.00 0.87 4.25 1. 06 6.00 3·24 
Age 
Group 66-75 76---
Mean Std. Mean Std. 
V.A. Dev. V.A. Dev. 
95·2 1.56 0.52 2.8) 1.89 
90.6 1.62 0.6) 2.83 0.58 
87.2 1. 50 0.41 ).17 1. 60 
74.1 1. 56 0.52 2. 83 1.89 
61.2 1.56 O.J1 3·17 1. 61 
35·2 1. 75 o.so J.17 1.61 




Table II. Statistical Data (cont.) 
Brown Tint: Light 'I~arget :Luminance: 10fL 
Age 
Group 18-45 1+6-55 56-65 
Mean Std. Mean Std.~ Mean Std. 
V.A. Dev. V.A. Dev. V.A. Dev. 
95·2 0.92 0.29 1.17 0.14 1.08 O.JO 
90.6 1.08 0.29 1.17 0.14 1. 00 o. t6 
87.2 1.00 o.oo 1. .33 0.14 1.00 0.16 
74.1 1. 08 0.29 1.JJ 0.14 1.00 0.22 
61.2 1.17 0.29 1.l.J-2 0 .11-J. 1.17 0.26 
.35·2 1. 00 0.25 1.58 0.38 1.42 0.56 
24.8 1.50 0.87 2.17 0 . .58 1. 75 0 . .59 
11.0 4.00 0.87 6.17 3.4o 5·75 3·39 
Age 
Group 66-75 76---
Mean Std. IVlean Std. 
V.A. Dev. V.A. Dev. 
95·2 1.69 0.]8 2.67 0.76 
90.6 1.62 0.62 2.67 0.76 
87.2 1. 7.5 0.64 1.92 o.63 
74.1 1. .50 o.35 2.8J 1.89 
61.2 1.88 0.72 J.OO 1. 80 
35·2 1. .56 O.J1 J.17 1. 61 
24.8 2.44 0.92 5·67 3·75 
11.0 6.75 3·75 10.0 o.oo 
Brown Tint: Dark T~.rg~.:Ll:~ 
Age 
Group 18-45 45-55 56-6.5 
Mean Std. Mean Std. Mean Std. 
V.A. Dev. V.A. Dev. V.A. Dev. 
95·2 1. 08 0.14 1.25 0.25 1. 00 0.27 
90.6 1. 08 0.14 1. 33 0.29 1.12 0.26 
87.2 1.08 0.14 1.JJ 0.29 1.08 0.26 
74.1 . 1. 00 0.25 1.50 o.4J 1.08 0.26 
61.2 1.17 0.29 1.58 0.38 1·3.3 0.20 
35·2 1. 33 o.6J 1.67 0.29 1.46 0.29 
24.8 1.83 0.58 2.17 0.58 2.00 0·55 
11.0 6.17 J.4o 6.?5 4.60 5·33 ?.40 
Age 
Group 66-75 76---
Mean Std. Mean Std. 
V.A. Dev. V.A. Dev. 
95·2 1.50 0.41 2.67 0.76 90.6 1. 75 0.65 .3. 17 0.58 87.2 1. 75 0 ... 65 1.92 o.6J 74.1 1.56 0.52 3·17 1.61 61.2 1.69 o.ss 3·50 1. 32 
35·2 1.88 0.48 ;.so 1.J2 24.8 2.50 0.82 6.17 3.40 11.0 6.17 J.4o 10.0 o.oo 
•rable II. Statistical Data (cont.) 
Q:J:'e~ Tint: Light .Iarget_~pe: 10fL 
Age 
Group 18-45 46-55 56-65 
!VIe an Std. Mean Std. Ivlean Std. 
V.A. Dev. V.A. Dev. V.A. Dev. 
95·2 1. 00 o.4J 1.33 0.29 1. 00 0.22 
90.6 1..08 0.14 1.42 0.52 1.04 0.10 
87.2 1.08 0.14 1.42 0.52 1.04 0.10 
74.1 1.17 0.29 1.50 o.4J 0.96 0.19 
61.2 1. 08 0.14 1.67 0.29 1. 08 0.20 
35·2 1. 08 0.38 1. 83 0.76 1.04 O.J3 
24.8 1. 75 0.66 2.08 0.72 1 ,lf-2 0.13 
11.0 3.50 o.oo 4.25 1. 06 3·92 1.24 
Age 
Group 66-75 76---
Mean Std. IVlean Std. 
V.A. Dev. V.A. Dev. 
95·2 1.44 0.52 2._50 0.87 
90 .. 6 1.88 0.75 2·33 1.04 
87.2 1.81 0.85 2.JJ 1. Ol+ 
74.1 1.56 0.52 2.83 1.89 
61.2 1.62 0.48 2.50 0.87 
35·2 1.62 0.48 3·33 1.4-4 
24.8 2 . .50 0.82 5.00 4.JJ 
l1.0 6.?5 3·75 10.0 o.oo 
G...rey Tint: Dark 1J:!~;r_.ge t_;,uminanc e: 10fL. 
Age 
Group 18-45 46-55 56-65 
Mean Std. Mean Std. Mean Std. 
V.A. Dev. V.A. Dev. V.A. ~, Dev. 
95·2 0.92 0.29 1.42 0 .11+ 1.08 0.20 
90.6 0.92 0.14 1.25 0.25 1. 00 0.16 
8?.2 1.08 0.14 1.42 0.52 1.04 0.19 
?4.1 1.00 0.25 1.42 0.52 1. 08 0 .1J 
61.2 1.00 o.oo 1. 6? 0.25 1. 00 0.22 
35·2 0.92 0.14 1.75 o.4J 1.16 0.26 
24.8 1.25 0.25 2.50 o.oo 1.46 O.JJ 
11.0 3.50 o.oo 6.17 2·79 3·33 0.41 
Age 
Group 66-75 76---
Mean Std. lVIean Std. 
V.A. Dev. V.A. Dev. 
95·2 1.50 O.J5 2·50 1.00 
90.6 1·75 0.65 2.50 1. 00 
8?.2 1.81 0.85 3.00 1. 73 
74.1 1.56 0.52 3.00 1.73 
61.2 1.69 0.38 4.67 4.62 
35·2 1.81 0.38 3.00 1. 73 
24.8 2.62 o.6J 5·33 4.07 
11.0 7.12 3·37 10.0 o.oo 
Table II. Statistical Data (cont.) 
VisuaJ_ Acui t;y: Test I,etter Detail 





95·2 1. 83 0.29 
90.6 1.42 0.14 
87.2 1. 67 0.29 
74.1 1. 67 0.29 
61.2 2.00 o.oo 
35·2 1. 8.3 0.29 
24.8 J.17 0.58 





95·2 3.00 1.58 
90.6 2.88 1. 70 
87.2 3·12 0.?5 
74.1 J .12 1.49 
61.2 s.oo 3·53 
35·2 5·25 3·33 24.8 6.50 4.06 






































































































































































~J::arg?t Lwnin_g~ _ _Q!jJL 
46-55 .56-65 
Mean Std. Mean ;3td e 
2.67 0.76 2.42 0.92 
J.OO 0.87 2.50 0.77 
3.50 1.50 2·38 0.74 
3·33 1.44 2.25 0.61 
3·67 1. 26 3.00 1..10 
5·33 l..j., 07 J.JJ 1. OJ 













Mean Std. Mean Std. 
V.A. Dev. V.A. Dev. 
2.83 0.58 2.58 1. 24 
3.17 0.58 2.42 0.58 
4.00 0.87 2.42 1. 28 
3·33 1.44 2.25 0.69 ).67 1.26 3·17 1. 08 
5·33 4.07 J.JJ 1. OJ 
6.17 3.40 4. 58 2.65 










Table II. Statistical Data (cont.) 
Br()wn ~' int: Light ,}a~t LuminaJl9...§!: 0. j_f~ 
Age 
Group 18-45 46-55 56-65 Mean Std. Mean Std. lVlea:n Std. V.A. Dev. V.A. Dev. V.A. Dev. 
95·2 1.58 0.)8 J.OO 0.87 2. LJ-2 0.66 90.6 2.00 0.50 J.so 1.50 2.50 0. 8L~ 87.2 2.JJ 0.29 ).67 1.26 2.50 0.77 74.1 1.67 0.29 J.so 1. 50 2.58 0.1+9 61.2 1.83 0.29 ).67 '1 ..• 26 J.58 1.24 
35·2 2.00 o.oo 5·67 3·75 J.so 0.9.5 24.8 2.50 o.oo 6.17 J.4o 5.os 2.52 11.0 s.oo o.oo 10.0 o.oo 9.17 2.04 
Age 
Group 66-75 76---
Mean Std. Mean Std. 
v.A. Dev. V .A. Dev. 
95·2 3·25 1.32 ?.8J 3·75 90.6 3·25 1.)2 (.50 3 ·53 87.2 3·25 1.)2 7.8J 3·75 74.1 3.12 1. 4J 6.75 4.60 61.2 5.00 3·53 6.75 4.60 
35·2 6.50 4. 06 5.00 o.oo 
24.8 6 .. 17 3.40 5.00 o.oo 
11.0 7·50 3·53 
Brown Tint: Dark ~'~ r g.~j; __ }:_um tn~nc e : 0.1f1 
Age 
18-45 46-· c; 5 56-65 Group 
-·· Mean Std. ivlean Std. Mean Std. 
V.A. Dev. V.A. Dev. V.A. Dev. 
95·2 1. 67 0.29 3·17 0.58 3 ,1+2 0.92 90.6 2.17 0.29 3.50 o.oo 3.42 0.92 87.2 2.17 0.29 4.00 0.87 )o42 1.J2 74.1 1.83 0.29 4.00 0.87 3.42 0.92 61.2 2·33 0.29 4.50 0.87 J.67 1.12 
35·2 2·33 0.29 6.67 2.89 4.50 0.77 24.8 3· 17 0.58 10.0 o.oo 6.67 2.58 11.0 8.J3 2.89 :to.o o.oo 
Age 
Group 66-75 76---
Mean Std. lVIean Std. 
V.A. Dev. V.A. Dev. 
95.2 s.oo J.54 7·50 3·53 90.6 3·75 1.44 6.75 4.60 
87.2 5·25 3·33 6.75 4.60 ?4.1 5·25 3·33 5.00 o.oo 61.2 6.75 3·75 s.oo o.oo 
35·2 7.12 J.J8 10.0 o.oo 
24.8 8.JJ 4.62 10.0 o.oo 
11.0 10.0 o.oo 


































































































































46-C.C: ~·"" ... 1 
Mean Std. 
V .A. Dev. 
4.00 0.87 
3·67 1.26 
4.17 1 ,l.j;4 
4.00 0.87 
5·67 3·75 




















J. 33 1.01 
lt-.8J 2.60 
9.00 2.?.4 












Table III. Acuity Loss Through Tinted Lens rte 
Through Clear Lens. 







































































































































































i ve to Acuity 
*At least one person in the group was unable to see any 
target letter at this contrast level. 
Table III. (cont.) 
fl.cuity Lo§~l fv.lingtes .9.L.AL.g_ 10fi.. 
Age 
Group 18-45 l,t-6-55 56-65 66-75 76--~ 
95.2 -·0. 16 +0.08 o.oo 0.00 ·~0. 67 
90.6 -0.08 -0.25 -0.12 -0.19 ~1.17 
87.2 o.oo 0.00 -0.12 -0.19 +O,JJ 
74.1 0.00 -0.17 -0.08 -0.44 -0 . .50 
61.2 -0.17 -0.33 -0.29 -0.)1 -1.17 
35.2 -0.41 -0.09 -0.29 -0.44 -0.50 
24.8 -0.58 -0.17 -0.55 -0. 41+ .17 
11.0 -2.67 -0. 92* -2.00 +O.JJ* -5. 00* 
Grey Tint: LiPht w ;> 
Age 
Group 18·-45 46-55 56-65 66-75 ?6-·--
95.2 -0.08 o.oo 0.00 +0.06 -0.50 
90.6 -0.08 -0.)4 -0.04 -0.32 -O.JJ 
87.2 0.00 -0.09 -0.08 -0.25 -0.08 
74.1 -0.17 -0.17 +0.04 -0.25 -0_.16 
61.2 -0.08 -0.42 -0.04 • 24 -0.17 
35.2 -0.16 -0.25 +0.13 ~ 1 e. -O.JJ 
24.8 -0.50 -0.08 +0.0) --0 .1+1-t -2.00 





46-55 56-65 66~75 76--~ Group 18-'+5 
95.2 0.00 -0.09 -0.08 o.oo -0.50 
90.6 +0.08 -0.17 0.00 -0.19 -0.50 
87.2 0.00 -0.09 -0.08 -0.25 -0.75 
?4.1 o.oo -0.09 -0.08 -0.25 -0.33 
61.2 0.00 -0.42 +0.04 -0.31 -2.)4 
J5.2 .00 -0.17 +0.01 
~ ~ 
-0.)7 0.00 
24.8 o.oo -0.50 ~0.01 -0.60 " "J -c~ •) 
11.0 o.oo -0.50 o.oo -0.62 -'1 oo* .~ . 
*At least one person in the group was unable to see any 
target letter at this contrast level. 
Table III. (cont.) 
]lue 'rint: Li_g))t 
Age 
Group 18-45 46~55 56-65 66-75 76~-·-
95.2 o.oo -0. Jll- -0.50 -1.25 -2.)0 
90.6 0.00 o.oo o.oo ~0.50 ~o. 34-
87.2 o.oo o.oo -0.13 o.oo 0.00 
74.1 0.00 -0.66 +0.13 -0.50 o. 00 * 
61.2 o.oo -0.34 -O.JJ -0.25 (), 00 * 
J5.2 o.oo -1.66 -0.16 -0.42* o. 00 * 
24.8 0.00 o.oo -0 .1+2 +O,J~, 0, 00 ·~ 
11.0 0.00 -2. 50* +O. 8LJ.. -5.00* 0. 00 * 
Blue 'r int : Dark 
Age 
Group 18-45 46-55 56-65 66-75 76---
95.2 +O.J9 -0.60 -0.60 -·1. 50 -1.42'~~· 
90.6 -0.75 -0.17 +0.08 -·0. 50 -0.92 * 
87.2 -0.16 -0.50 -0.17 -0.26 -0.58 * 
74.1 . 0.00 -0.66 +0.08 -0 .lJ -0.00 * 
61.2 +0.17 -O.J4 -0.50 o. +2. 8J * 
J5.2 0.00 -1.96 -0.16 -1.25 +l. 75 -l~ 
2Ll·. 8 +O.J4 -0.50 -1.00 -0.1'?-ll· -2.50 * 
11.0 o.oo -2. 50* +0.42* -5.oo~t _..,.. __ """" * 
Bro!n Tints LigJ:ll 
Age 
Group 18-45 46-55 56-65 66-7.5 76-·=-
95.2 +O.JO -0.67 -0.50 -0.25 -2.50 
90.6 -0.58 -0.50 0.00 -O.J7 -1.67 * 
87.2 -0.66 -0.17 -0.25 -0 .1) -1.66 
74.1 o.oo -0.8.3 -0.25 0.00 0. 00 * 
.61.2 +0.17 -0.)4 
-0.91" 0.00 +1.08 
J5.2 -0.17 -2.00 -O.JJ -1.2.5 +1 "5 * ,. ( 
24.8 +0.67 -0.50 -1.50 +0. JJ * +2. 50* 
11.0 0.00 -2. 50* 0.00 -2.59* * .-.,.,.,....,.,_..,. 
*At least one person in the group was unable to see any 
letter at this contrast level. 
Table III. (cont.) 
Brown Tint!_:Q.ar}£ 
Age 
Group 18-45 L~6-55 56-65 66 76~·--
95.2 +0.16 -0.84 -1.50 -2.00 -·2' 1'7* 
90.6 -0.75 -0.50 -0.92 -0.87 ... Q, 92* 
87.2 -0.50 -0.50 -1.17 ·~2.1.3 -0.58* 
74.1 -0.16 -1 . .3.3 -1.09 -2 .1) +1.'75* 
61.2 -O.JJ -1.17 -1.00 -0.25 +2.8.3* 
.35.2 -0.50 -3.00 -1.33 -1. 8'1 .25* 
2LL 8 0.00 -1.00 -3.09 -1. 83* ·-2. 50* 
11.0 
-J.3J ***** -0.83* -5.0 -"~----·li' 
Gre;y 'r:,ints Lig11~ 
Age 
46-55 56-65 Group 18-45 66-75 76--~· 
95.2 +0.16 ·-0. 50 -0.25 -0.12 +0.33* 
90.6 -0.25 -0.17 +0.17 -0.37 +1. 58·l!-
87.2 -0.50 +0.33 0.00 o.oo -0,58* 
74.1 -0.16 -1.00 o.oo -0.26 -·0.75* 
61.2 0.00 -0.34 -0.16 .12 +0.33* 
35.2 -0.17 -1.66 -0.16 , ~:.s .~...· •l. 
24.8 +0.34 -1.00 -1.25 +0.33* -2.50* 
11.0 0.00 -2. 50* +O .17* o. oo·* -----* 
Gre;y: Tin!: Darf 
Age 
Group 18-45 lJr6-55 56-65 66-75 76·---
95.2 -0.17 -1.67 -1.00 -1.88 -2.17* 
90.6 -0.91 -0.67 -0.75 -1.12 -0. 31~ 
87.2 -O.JJ -0.67 -1.00 -0.88 -2.16 
74.1 -0.33 -1.33 -1.25 -0.63 -0.75* 
61.2 -0.17 -2.)4 -0.66 -1.50 +2.83* 
J5.2 -O.J4 -J.SO -0.83 -1.50 -).25* 
24.8 -0.)3 -4.JJ* -2.25 -1.83* -2.5 
11.0 -J.JJ ****** ~0.8]* -5. 00•* -~··&·--* 
*At least one person in the group was unable to see any 
letter at this contrast level. 
Table IV. c;; Utilization of IJight Transmi 
Relative to Spec S 
light dark li,ght 
nm '1 ~X. blue_ blJJ_~ 
IHO .11 . 11 .11 
20 • 36 .J6 .J6 ?''' . """' ( 
30 1. 06 1.04 1. 04 '7C. ,. ! _,r' 
40 2.10 2.07 2.06 1. '-!·6 
50 J.48 3.42 J.J8 2.)6 
60 5 .1-+-9 5·37 5.28 J.69 
70 8.37 8 .to 7.92 5·55 
80 12.86 12.23 11.95 8.48 
90 19.24 18.10 17.47 12. 
500 29.88 27.78 26.)2 20.03 
10 46.53 Ll-2 • 50 39·74 J:t. 4L¥ 
20 6_5.68 _58.93 SL~. 32 lt-5. '+~-
JO 79·74 69.82 6).79 56 ,li-6 
40 88.2_5 75.8/.j. 67.73 6].44 
50 92.03 77.l1 66.67 67' l6 
60 92.03 75.62 6L~. 68 6?.16 
70 85.56 69.J8 59.20 6L 
80 80.48 64.38 53.95 s·~ lJ.'> 
- ( . . ·-
90 ?0.02 55. 61+ 1+4o J:l. 51..48 
600 58·37 46.06 36.60 Ll-2.91. 
10 46.53 J7.22 30.18 J4.71 
20 J5.24 28.58 24.J8 26.86 
JO 24.51 20.41 17.J6 19.21 
40 16.19 1J.74 11.J8 12.95 
50 9.90 8.61 7.:1.2 8 .1J 
60 s.64 5.12 1+. 45 J.69 
70 2.96 2.B2 1.98 2.75 
80 1.57 1.56 1.49 1.52 
90 • 76 • 75 ·74 ·75 
X JJ.96 28.?1 25.03 2!.L48 
SoD& JJ.Jl 27.62 2].90 2:i.97 







.12 .26 1 (.' • J. _) 
• JL~ ·76 81~5 
.60 1.51 ~9 
·95 2. 1-J-9 l. 60 
t.5o l.j,, 08 ? ~ :;·.:·o 
2.J? 6.28 3~82 
).68 9.66 r5 ~ 9 0 
5·72 l4.LJ.6 :to .19 
9 J'? 22.29 " r: ("" -'-.)''"J( 
1" 5. 3ll·· Jl.j,. 20 2:3, 6L1. 
22.72 LJ·7·57 •"~ ,.., ,., 1 )t:, ~ _;.L 
• J1 _56.89 J7.50 
Jl+. Jl.J.· 62 ·'+9 l~o' 5 c; 
:36.85 61+. 18 L~. 0 ~) ~~ f; 
37 <31 62.69 J8.J1 
Ji+, 69 57·35 34.69 
32· 63 53. 94· '" •l';l
2ELOO '+7. 69 2f3jj 
23.03 39·?5 ?~J~98 
19.37 J2.19 1 () ... ~ • ij ( 
:1.).62 24.96 ' ~l 1 1 • I_! .L 
1 1 '70 
4.. . .l~ (') ( / 18.15 12.19 
B.J1 12.60 • 81+ 
t:.' }16 
_) 0 ''"+" B.03 Sr iJ., 
).66 4.91. L~,. OJ 
2 T' .. ( 2 7'-.. ( 2 e 1~( 
l ,4·2 L52 1. Lr5 
·73 . 7.5 p73 
l'i. 36 -~ 23.95 15.J6 
:1.).08 22.86 llL ?J 
light utilized at 555nm. 
Table V 
light dark 1i?ht dark 1 :i.{' ..; .. (l;.~ 
'·· 
s:le_g,r: i>lu_g_ hlug Q,I'Q}Y].J. f!IfLY~-
Lamda= 400 8?.0 85.5 8.5cy~; 68.0 )2.5 6J~O r' ,, 0 
41.0 89.5 88.5 8?. 5 67~5 3:1. • 0 C:, ~) ("! ., 
1+20 91..0 89.5 89.0 ..... ~ ""' 29.0 6:;.o -, ' b / f' u ): ., \../ 
14-JO 91.5 90.0 89.5 (~ ':! r: ?.'(.0 65. 5 I' ".,) ,.) t) wj :; .j 
4lf-O 91.5 90.0 8)4 ~ .5 6~ "' 26.0 hS. '-·: j, 0 • ·"/ 0 _..I '·-y· 
lrSO 91-.5 90.0 89.0 ()? 9 0 25e0 66. ~:~ < 0 
460 91.5 "9 c 88.0 !:" :25.0 68.0 /.j.C d • _) . _) 
470 92.0 89.0 87.0 61.0 26.0 69.0 ,, 't \j 
480 92.5 88.0 86.0 61.0 ?6. 5 6Si ~ .5 
490 92·5 8?.0 81.}~ 0 61..0 27·5 69.5 49.0 
500 92·5 86.0 BL 5 6;:;. 0 .o 69.0 c: 
510 92.5 84.5 79.0 lS2 I~ (:_ 
-· 
J0.5 6B.o 
520 0? t:. ~· ~ ....... ' J 8J.O 76.5 64.0 J2.0 67~0 Lt·~>~5 
530 92·5 81.0 71+. 0 t::c:, c \)j. _) J4.o 66.0 4·J. =: 
Si-l-O 92~5 79·5 71 .. 0 66~ 5 J6.o 65 ~ .5 l~-2 <\ c: 
550 92·5 77·5 67.0 67~5 J7.e 61.~. (_~ ho. 1:, j 
-
560 92·5 76.0 65.0 67·5 3'7 < I ' ./ 63.0 JB.s 
570 92.5 75·0 .o 63.0 37·.5 6?..0 :j7. 5 
580 92·5 74.0 62!J0 68.0 37·5 62.0 37 0 
S90 92·5 73·5 5SI@ C) 68.0 J'(.O 63 (\ ') ,~,'::' r: • v _,: l ' 
--
600 92·5 73·0 58.0 68 § CJ 36·5 63.0 0 
610 92·5 74·. 0 6o.o 6Sf ~ o )8._5 64-. 
620 92·5 75·0 646 () 70~5 41.0 6"- .5 u1 r; ••• .: o;') . ·- ~ _, 
6)0 92·5 77·0 65.5 ?2 ~ ~5 l..j..l-1 .• 5 68. r:; L~6 ., 0 
640 92·5 78·5 t)~ 0 (4.0 LJ-7 • 5 72 n ,,.,..., c \ .. i., t.: 'I "' _.1 a 
650 92·5 80.5 66.5 '"'6 0 51 .o ,..., .. r l l I} ..... ()' 
660 92·5 81+. 0 7J.O 130. r: Go.o 80. r:.. 66.0 j 
670 92·5 88.0 82.0 8.6 ~.0 7'~-. 0 86. r:.. '7 r~ j \: 
680 92·5 90·5 87.5 f39 ~ .S PJ r.· 89. ') er]"' [~ ..-1 2 ...J .~-
690 92·5 91.5 90.0 91.0 89.0 91. () gr~J = -~ 
700 92·5 92.0 91.0 92~5 90.5 01 . s 91 . r:: / -'- _. 
720 92·5 92.0 01 • 5 92·5 91.5 91 r; 91 . c: . j j /-
740 0'"' 5 92.0 9LO 92·5 91.8 91 . r~ 91. ~5 /c.. 
-
I 
Table V (cont.) 
v 1 I::lif~f{ b. 
Light Source 
Incandescent Lamp 2854·K ~cLp • 7'79 ~ £521+ 92' 44'+ 
Noon Sunlight 4870K Jl~. 901 1 r:: .-t(~ -~ 
·')' G, .. ~ 92.h61 
Avera{';e Daylic:ht 6(LrQK J1.070 .J1 a ?6? 9?.461. 
Lightly Overcast 7 5()01: JO.OSO j1. 3.50 92.L~5'-r 
Equal Energy ~ l~O? 33·500 92. 1·~57 
Heavily Overcast 6500K '1+02 3:2._51.3 92.i.+61 
Incandescent Lamp '"'8547 ' t:. f;. 4J.596 77·239 
:Noon Sunlight ll-870K JJ. Jl+9 JJ.800 78.017 
Average Daylight 671-fOK 20 )LJ.t:. 
.,., / $ .- '_.! J0.079 '('3.J7J 
Lightly Overcast 7500K 28.55t ...,o lc·":l L .• '''))_) ?f3. 368 
Equal Energy JL840 )1.905 7EL 160 
Heavily Overcast 6500K 29.868 ~30 • 8LJ.7 ?8.J?J 
Dark :Slue, 
Incandescent Lamp 28 SL ., - . ~h. '+2. 217 -~;:;?-r-77"'.''"~ ..J)•'l·Oe) 66, )OLI· 
Noon Sunlie;ht 4870K Jl.?f38 32 r' '+0 ll )i-· 
- ..... 
6?.986 
Average Daylight 6?40K 2B.085 28 i. 6?lf 68. 6l+J 
Lightly Overcast ?500K 27~15.5 28.155 68.702 
Equal Energy 60.298 ~)0.563 68.238 
Heavily Overcast 6500K 28 .1-roo ?9 [!. r:J) '-' 5 '1 _., . .._ 68.641 
lli:h t... Bro_ym 
Incandescent Lamp 2854K 4t:; Ot:;t::; __.. 7 _,_..; 40. ?46 6?.948 
Noon Sunlight 4870K )6.090 35 • 6LJ.2 6?.207 
Average Daylight 6740K )2.166 )2.222 66.923 
Lightly Overcast 7.500K 31. O)l+ 31.805 66.799 
Equal Energy 3'+. st~s J~ RhO .J \!- "',.Jv\.e 6?.101+- I 
Heavily Overcast 6500K 32.47h J2.9l5 66.898 ' ' ! ! 
Dark Brown I I ,. 
Incandescent Larnp 2854K 4c< c;n'· u@_.. ... '+ LJ1.185 '::(,.., 7'' 0 _./ ( ~ . l.t 
Noon Sunlight L~870K 39.133 J?.696 36.575 
Average Daylight 6740K )5.175 34-$834 )6.126 
Lightly Overcast ?50 0K JJ.900 J4.555 35·935 
Equal Energy 37.618 36.162 36.412 
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